Using Norwegian data we find that married women's education is positively associated with completed fertility, but this relationship becomes insignificant after controlling for husbands' characteristics. Husbands' education has a positive effect on women's fertility. These findings suggest that the effect of education on married women's fertility goes through assortative mating. For unmarried women, in contrast, we find that the relationship between education and fertility is negative. This latter result is consistent with a hypothesis suggesting that unmarried women suffer a more detrimental impact of motherhood on their careers than do married women.
Introduction
Increased education levels and decreased overall fertility seems to be an empirical regularity in most OECD countries (Council of Europe 2001; OECD 2001a) . Microbased studies in various other countries as well also report a negative relationship between women's education and fertility (see for instance , Gardner 1973; Rindfuss, Bumpass, and John 1980; Schultz 1993; and Weinberger, Lloyd and Blanc 1989) .
One explanation for the negative correlation between education and fertility is the time-use and opportunity costs. Economic theory acknowledges the importance of parental time, especially the mother's time in the upbringing of children (see for instance, Becker 1965; Schultz 1973 , Gronau 1973 . The trade-off between fertility and labour market work is an important and widely accepted economic explanation of the observed negative association between women's education and total fertility. An increase in the education increases the wages and employment opportunities of a woman, inducing substitution out of time intensive activities such as children (see Becker 1991; Schultz 1993; Brisdall 1988) . Economists have estimated strong negative effects of women's wages on fertility (see for instance, Heckman and Walker 1990b; Merrigan and Pierre 1998) .
The Scandinavia countries have not experienced the same dramatic drop in total fertility over the last decades as compared to most other OECD countries. At the same time, female labour force participation and average education levels are high in Scandinavia. Some recent empirical studies using Scandinavian data suggest a positive association between education and third birth of married women, given that they already have got two children (see Hoem and Hoem 1989; Kravdal 1992; Rønsen 1998; Naz 2000) . However, the positive association between education and third birth does not imply that females' education increases completed fertility as there is evidence that the percentages of childless women and women with only a single child are higher for those who have the longest schooling (see for instance , Lappegård 1999) . A higher proportion of childless women and women with only a single child may offset the positive association between education and third birth observed in previous studies. Therefore, to evaluate the relationship between females' education and total fertility, it is important to look at childlessness together with the total number of children given that one gets children at all.
The first objective of this paper is to investigate the association between completed fertility and education of married women in Norway. Empirical evidence suggests that women with high education tend to marry men with even higher education (see, for instance, Winch 1958; Vandenberg 1972) . This is referred to as positive assortative mating in the marriage market (see Becker 1991) . Assortative mating implies that the education of the husbands ought to be taken into account when measuring the association between women's education and fertility. Due to assortative mating two kinds of indirect effects of females' education can take place.
First, marrying a man with higher education and correspondingly higher income works as an income effect (similar to the effect of a labour-free income), which may affect fertility positively. Empirical studies verify the positive association between husbands' income and fertility (see for instance; Walker 1990a, 1990b; Merrigan and Pierre 1998) . Second, assortative mating may also affect fertility through specialisation. The literature on household economics suggests that a large part of gains from marriage stems from specialisation between husband and wife: the husband specialises in the labour market while the wife is specialising in household production.
1 There is ample evidence for specialisation within the household. Married men work longer hours in the market and have substantially higher wages than unmarried men. Moreover, married women have lower wages and work more at home than unmarried women (see Gronau 1986; Daniel 1992; Korenman and Neumark 1992) . We expect that increased husband's education may imply more specialisation within the family, leading to a reduction of the opportunity cost of bearing children for women. We first estimate the gross effect of females' education on fertility.
Thereafter, we decompose this effect into a "husband effect" and a "net effect".
In Western countries child bearing is not confined to marriage, but rates of fertility within marriage is higher than those outside the marriage. The opportunity cost of children may be different for married and unmarried women. Thus, the second objective of this paper is to analyse and discuss the difference in completed fertility for married and unmarried women. The fact that married women get more children than unmarried ones needs no further explanation. We find that education is positively correlated with fertility for married women but negatively for unmarried ones, and this is perhaps more of a puzzle. We will argue that in Scandinavia both married and 1 Some degree of specialisation according to comparative advantages is predicted by practically any kind of model of intra -family decision-making, (see for instance Becker 1973 Becker , 1985 Weiss 1997 and then she has little to loose by getting children. Finally, the career loss may differ across parity levels: it is reasonable to believe that loss of career is largest for the first child, for instance due to fixed time-costs of having children. Since the marginal fertility decision of the average unmarried woman is whether or not to have the first child, while the marginal decision of the average married woman is whether to have a third child, this is another explanation of the difference between married and unmarried women's fertility response to education.
The Norwegian dataset used, based on census data from public registers, is unique along several dimensions. First, since the data are based on census, we do not have only a small number of observations as in surveys. Our final sample includes more than 8,000 individuals. By using the Norwegian data we are able to meet some of the critique of existing literature; limited samples, the omitted information about spouse characteristics and the incidence of childlessness. These shortcomings may have plagued former studies, giving imprecise or erroneous results.
The rest of the paper is organised as follows. In the next section we give a brief description of some institutional features of Norwegian women's fertility, educational level and labour force participation together with a description of the fertility patterns in Norway over the last decades. Section 3 presents the data and some summary statistics. In Section 4 we discuss the theoretical differences in fertility between married and unmarried women. The empirical specification is discussed in Section 5. In section 6, we present and discuss our empirical results.
Section 7 concludes our findings. In addition, we find that completed fertility of younger generations seems to be small relative to older generations. The educational level in Norway is increasing, similar to most other countries. This pattern is especially evident for females. For instance, in 1952 only 15 percent of the students in graduate schools and universities were females, while this share was 55 percent in 1994. Only at the PhD level the female share of students is still lower than for males. When we look at the median age at first birth by educational length for various cohorts (shown in Figure 3 ), we see that the age of first birth is higher for the more educated groups and that the age of first birth has increased for all educational groups over time.
Institutional background
( Figure 3 : "Median age at first birth by educational groups" about here)
The labour force participation rates of females are relatively high in Norway as compared with other countries, especially among younger cohorts. However, many women choose to work only part-time. For instance, the proportion of working women who chose to work part-time was 46% in 1994.
Data

Data sources
The data in this study is ext racted from the Norwegian Database of Generations. This The unmarried ones in our final sample have never been married, while the married ones have been married to the same husband all the time. That means that divorced, widowed or remarried women are excluded from our sample. This exclusion is done to get as homogeneous sample as possible. However, note that there will be substantial variation in our sub-sample of unmarried women, as this group encompasses cohabitating women as well as single women.
4
In order to get information about husbands' characteristics we include only those married women in our sample whose husbands are found in the data (3,873 observations). As the Database of Generations provides information for only the individuals who are born in every fifth year in the period from 1950 to 1995, we include only women with husbands born in one of the years 1950, 1955, 1960 or 1965 . One might worry that this sub sample may not be representative of all the married women as it selects only the women whose husbands are of the same age, 5 years younger, or 5 or 10 years older. Note however, that we will test whether the sub sample of women with husbands included in the database are similar as those women with husbands not found in the database.
Variables
The dependent variable is number of children ever born to the women when they are 40 years old. Our educational variable is the number of years of schooling for the respondent.
As already discussed, education may affect fertility in several ways. First, women's education may be used as a proxy for earnings potentials. In addition, it may work as a proxy of time costs of raising children. Another proxy for the income potential would be a measure of actual income (for instance income in a single year or an average over several years). However, one obvious problem with including income in a fertility study is that such a variable is endogenous since women's available time to income-work is limited with more children. To avoid the described endogeneity problem, we exclude income variables in our study knowing that this might introduce problems due to omitted relevant variables.
As discussed in the introduction, assortative mating may give rise to indirect effects of education on fertility. To get a more complete picture of the effect of women's education on their complete fertility, it therefore is important to also control for spouse characteristics. In this study we include spouse education, measured as number of years of schooling. Spouse income is excluded. This exclusion is based on the same arguments as for the exclusion of women's own income.
We have also included the age difference between husband and wife, defined as husband's age minus woman's age. Another variable included is the age at marriage. Women who get married early have a longer period where the likelihood of an additional child is greater. An additional reason for including age at marriage is that this variable might partly control for a woman's "social status," since high income and highly educated individuals are likely to get married late. Other fertility studies, such as Kiernan (1989) and Santos Silva and Covas (2000) find a negative effect of a late marriage on the probability of having children.
Since the average educational level varies across regions, it is important to control for place of residence. We have included seven regional dummies, using Oslo as the base case. If we had ignored the geographical aspect, the educational variable might just have picked up regional differences. The regional dummies might also control for regional differences in the costs of raising children, together with regional differences in the income potential for both women and husbands.
Descriptive statistics
Some descriptive statistics are given in Table 1 .
( Table 1 : "Descriptive statistics" about here)
There is a marked difference between unmarried and married women: close to 80% of the unmarried women get no or one child, while more than 80% of those who marry get two or more children. The numbers reported in Table 1 reveal that the mean of the number of years of schooling is higher for unmarried as compared with married.
Furthermore, highly educated women are over-represented among those who never marry. This is probably also one of the explanation for the higher income among unmarried compared to the married ones. However, hours worked are likely higher among single women, leading to higher income. In Table 1 we also present summary statistics for married women who have been married to the same husband all the time but whose husband are not found in the database. The broad picture reveals only minor differences between the two groups. We therefore base our regressions on married women for whom we have information about husbands' characteristics.
( Table 2 : "Years of schooling of women and husbands" about here) Table 2 shows the years of schooling for women and husbands. The educational attainment is positively correlated, clearly illustrating the positive assortative mating discussed above: the frequencies are highest close to the diagonal.
( Table 3 : "Number of children by parents' years of schooling" about here) Table 3 illustrates the correlation between couples' education and number of children.
We see that the number of children is positively correlated with fathers' education, while the correlation with mothers' education is not clear.
Fertility and Marital Status
The opportunity cost of children may differ for married and unmarried women.
Furthermore, the cost of having an additional child may vary with the parity levels. To refine our discussion of career losses and costs associated with costs of children, we look at the difference dependent on the marital status.
We start by noting that the expected number of children, denoted y, can be written as:
Differentiation with respect to female education, denoted edu, yields the following expression for the marginal effect of education on fertility:
Equation (2) shows that the effect of education on fertility can be decomposed into the effect on the probability of getting at least one child (the first term on the right hand side) and the effect on the expected number of children, given that a woman already has got at least one child (the second term on the right hand side). 
Empirical Specification
To see the effect of a set of background variables and characteristics on women's completed fertility, we use a count data model. 6 A first choice would be a Poisson model. The Poisson model assumes the equality between mean and variance for the dependent variable. However, when the assumption of equidispersion is violated the estimated parameters from a Poisson model are consistent but not efficient. We see in convenient feature that it allows for both over-and under-dispersion. 7 The RGPR model has previously been used by Wang and Famoye (1997) . We report the marginal effects and the corresponding z-values. 8 The marginal effect of covariate j is calculated as:
where
denote the vector of all the marginal effects. Using the delta method we may estimate the covariance matrix of the marginal effects as: 7 For more details, see for instance Famoye (1993) . 8 The corresponding coefficients are available from the authors on request.
The reported z-values of the marginal effects are based on this latter expression.
Results and Discussion
To study the effect of females' education on completed fertility we split our sample into married and unmarried women and run regressions using the RGPR model. The results are given in Table 4 .
( Table 4 : "Restricted Generalised Poisson Regression Results" about here)
The results presented in Column 1 are the results for married women without controlling for any husband characteristics. We find that females' education is positively associated with c ompleted fertility at age 40. One year of additional education is associated with 0.027 more children. The positive association between females' education and fertility is in contrast to empirical findings in various other countries. The findings give no support to the theories focusing on the costs of time, saying that higher education leads to higher wages and thereby higher opportunity costs of having children.
However, the positive and significant effect of education might be due to the combination of assortative mating and omitted husband's characteristics. If we do not control for husbands' education, the covariate women's education would not only pick up the effect of women's own education, but also the effect of their husbands' education. We decompose the "gross effect" of married women's own education on fertility into a "husband effect" and a "net effect". To find the "net effect" of women's own education, we include also their husbands' educational length together with the age difference between husband and wife. These results are given in Column 2 of Table 4 . We see that when we control for husbands' characteristics the positive effect of females' education becomes smaller and insignificant. The effect of husband's education is positive and significant. One year of additional education of a husband is associated with 0.033 more children. One interpretation of this result is as follows:
Norwegian females' education does not affect fertility directly, only through assortative mating. Women with high education tend to marry men with even higher education and this assortative mating provides an income effect that affects fertility positively. The results suggest that it is the income potential for husbands and not women's own income potential (reservation wage) that is important for women's complete fertility.
Concerning the age difference, we see that women married to older men tend to get fewer children. However, with the relative large age differences in our sample (5, 0, -5, and -10 years) care should be taken when interpreting this result. Still, based on the reported marginal effect in Column 2, an increase of one year in the age difference between the husband and the wife will lead to 0.020 less children.
The marginal effect of Age at marriage is negative but small. This tells us that women who get married earlier are likely to get more children. An obvious reason is that an early marriage also leads to a longer period of marriage, and thus, a longer period where the likelihood of an additional child is greater. Another potential explanation is that the age at marriage is a proxy for the somewhat imprecise definition "social status". Women with lower social status tend to get married earlier, and also get more children. Based on the reported marginal effect, decreasing age at marriage with one year leads to 0.06 more children. Given that women with lower social status take less education, the total difference between women with various social backgrounds may be significant. Finally, we see that the fertility pattern varies by regions, and that most of the regional dummies are statistically significant.
As already pointed out, our sample of married women includes only women whose husbands are born in 1950, 1955, 1960 or 1965 . We have tested whether there are any substantial differences between the sub-sample of married women for which the husbands are in the sample and the sub-sample for which the husbands are not in the sample. We merge the two sub-samples, and run a RGPR model where we include a sample dummy (1 if husband in sample, 0 otherwise) separately, in addition to interaction terms between the explanatory variables (as used in Column 1, Table 4) and the sample dummy. None of the interaction variables are individually significant, except for age at marriage. 9 The marginal effect is small, but still it is an open 9 These results are not reported for sake of brevity.
question to us why this coefficient is statistically significant (t-value = 2.00). The summary statistics do not reveal any differences between the two sub-samples.
Furthermore, a chi-squa re test of joint-significance of all the interaction variables in the RGPR model strongly rejects the hypothesis that there are any differences between the two sub-samples ( 11 . 9
The last columns of Table 4 illustrate the association between education and fertility of unmarried women at age 40. We see that education of unmarried women is negatively related to fertility. One year of additional education is associated with 0.033 less children. This is significantly different from what we found for married women. 10 As already mentioned, our sample of unmarried women is rather heterogeneous with cohabitating as well as single women. Thus, when we find the effect of education to be significantly negative even with measurement errors for unmarried women, we expect the true negative effect of education on single women's fertility to be even stronger.
11 From the summary statistics we also know that married women tend to have more children than unmarried women. The discussion in Section 4 encompassed the ideas about fertility and marital status. The numerical values of all the expressions in equation (2) are given in Table 1 . Given these numbers, we get an expression for
by rearranging equation (2).
( Table 5 : "Fertility and Education by Marital Status" about here) 10 This test is done by merging the two sub-samples using interaction variables, and then testing the significance of the interaction coefficients. 11 Underlying this latter expectation is an assumption that cohabitating women behave as married women, and thus, the effect of education on fertility for cohabitating women would be positive. 12 Note that only 5.3 percent of married women are childless. This skewness, in favour of women with at least one child, may give unreliable results in a standard binary choice model. Thus, the probit results for married women should be interpreted with great care.
Looking at the results in Table 5 , the first thing we note is that the differences in the characteristics for the two groups are as expected. For instance we find that one additional year of education is associated with 2.2 % decrease in the probability of having at least one child of unmarried women, while increased educational level does not affect the probability of childlessness for married women. We also see that there is a substantial difference between married and unmarried women in the expected number of children given that the woman has at least one child, ( )
however, that this difference is not driven by education since
and more or less the same for married and unmarried women (0.008 and 0.006, married and unmarried women respectively). Thus, the significant difference i n the importance of education for the completed fertility may be caused by the effect of education on childlessness. This is consistent with the hypothesis that that unmarried women experience a tougher career drop as a consequence of having children than married women do.
In contrast to married women, we find the regional dummies of South and West to be negative for unmarried women. This is as expected since these two regions comprise the "Bible-belt" in Norway.
In Table 4 , we also report the estimated α -s. Table 4 , Column 2 and Column 3 (Married, and Unmarried, respectively). The fit for Unmarried is rather good.
However, for the Married sample there is an underprediction of the mode and overprediction of the tails of the distribution. Similar findings are also reported by Santos Silva and Covas (2000) .
Conclusion
The main objective of this paper is to investigate the relationship between completed fertility and education for women in Norway. We find that the effect of married women's education on fertility is positive. The effect of education becomes much smaller and insignificant when we control for husbands' education. At the same time we find that husbands' education affects women's fertility positively. These findings suggest that married women's education does not directly affect fertility but goes through assortative mating in the marriage market. Given this pattern, one may ask why is it so important to distinguish the effects working via the husband from other effects? Consider two different thought experiments. In the first we "give" a random woman one extra year of education. This will affect her fertility directly, and also make her marry a man with somewhat higher education, which also affects fertility.
Next consider giving one extra year of education to all women. For each of them we can compute the direct effect, but when every woman acquires more education, the average woman cannot possibly expect to marry some man with higher education, leaving them with only the direct effect.
In contrast to our findings for married women we find that there is a negative relationship between education and the completed fertility of unmarried women. The career losses attached to childbirths may explain this difference between married and unmarried women. We find that the association of women's education with the expected number of children, given that they have at least one child, is almost the same for married and unmarried women. However, education increases the probability of remaining childless for unmarried women but has no effect for married women. In Norway, as in rest of Scandinavia, there has been consensus of that it should be possible to combine motherhood and career. If our findings really are caused by women' concern about career losses attached to having children, this indicates that the Scandinavian welfare state has not fully succeeded. Nevertheless, the effect of education on completed fertility is small, which might be an indication that the policy of encouraging high fertility and high labour force participation among women has been successful.
From aggregate statistics we know that an increased level of education leads to a higher incidence of living single. When we see a pattern in most OECD countries with more and more individuals taking higher education while the overall f ertility 5 1960 1965 1970 1975 1980 1985 1990 1995 Source: Statistics Norway The results for ∂ P(y>0)/ ∂ edu are based on the logit regression results reported in Table A1 . E(y|y>0) and P(y>0) are calculated from Table 1 while Table 4 gives the numerical values for ∂ E(y)/ ∂ edu . Figures for ∂ E(y|y>0)/ ∂ edu are based on the reported numbers together with a rearrangement of equation (2) Notes:
The reference category is women living in the Oslo region. The dependent variable is equal to one if a woman has one or several children, and zero otherwise. The marginal effects of the regional dummies are measuring the discrete change of a dummy variable from 0 to 1
